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1O0...OPTICAL HEAD 

10... SPHERICAL ABERRATION DETECTOR 

11... CONTROL CIRCUIT 

12... FOCUS ERROR DETECTOR 

13... TRACKING ERROR DETECTOR 

14... OBJECT LENS ACTUATOR 

15... MEMORY 



(57) Abstract: An optical head comprising a light source, an object 
lens, a light splitting means, a light receiving element, a tracking 
error signal detecting means, and a spherical aberration detecting 
means, wherein the light splitting means has six regions divided by 
a first splitting line parallel to the longitudinal direction of informa- 
tion tracks and by second and third splitting lines perpendicular to 
the first splitting line, and the spherical aberration detecting means 
compares the deviation of a first focus point obtained from a light 
flux passed through two regions disposed between second and third 
splitting lines with the deviation of a second focus point obtained 
from a light flux passed through four regions disposed on the outer 
side of the second and third splitting lines to generate a spherical 
aberration error signal for detecting a spherical aberration generated 
at the object lens. 
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t, +d/2<DM&-?ti-c(DmmwL&&Lmmns ae (2) -a/ 

2 0lifnT©^lJRftaiif S AE (3) fc*tk«Eb (X^y^ 
10 S8)> tffiffM^SAE (1), SAE (2) &<fctfSAE (3) 

^®jR^ffi«^SAE (1), SAE (2) &<fctfSAE (3) 

YES), ffiiE^fCk 2=Afc»!€t5 Ur^^SlO), 
15 ffi«#SAE (1), SAE (2) cfe^tfSAE (3) ©«50#**J?fr5£ 
16IBl*3Tfc:V> Uf^^S 9 fc^^TNO), 0f^O 

lAtim§IB§> &&T*iIE#$Ck 2=Bt^lT Uf>^ 
Sll), Xf>^S3^I0, HtfJ*®JK£&m«#S AE (1) ~S 
AE (3) £^6. C©*-&CD«B^ S£®iR£&Bi«#S AE (1) 
20 -SAE (3) 0«e»O^0^[6]^ t fc^*^JiSCT^^$tl§Ci:^ff : 
£UV*„ £<^fiBKJ;oT,^®^ilfcH3f§-*§SAE<l)~SAE (3) 

tit, ^MiKH^ffifs-^S AE (1) -SAE (3) 
25 £<D«fc5&^M£fflV>3££K<fc^T, ^®JR^ttHt^S AE*^ 

23 



WO 2004/038708 ^^17 JP2003/0 12864 



ASt-r^>l/-^&^tSc^tt-^) £ ££<koT, yfrrJ X? 6 ©sin 

mm&&'D*ffl<Dmn<Dmm<Dyt^y moo A©«wM»/$ia&^*r. 

20 W>X, 6teftx^X£> 4 lte^E-^ 4 2tt^7h, 43(il/> 
X*;t^T&£o 1 $Ilt5C<!:CJ;oT^t7h4 2**13 

HSU, 3U^-hV>X4i3'J ^-hV>X4&ftj$t5V>X*^ 

25 •SAEiWal:&SJ;5l: : &-3'4l*IlU 1/>X*M4 3 



24 



WO 2004/038708 



7JP2003/012864 



ftfcl ft/fro T&IH" 5£££<fcoT* 3 U*-M/>X4^£>CDffit*7E 
T & £ £ £ "b -5 * t? «b v * „ 

15 CD^m^^^l^BJf 3o 0 9 h /fcD^A 5 1 
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te i =%ytmmQ 1 i T?#e>n*«*i+S3te®«6 1 j tusns 

*fe#*r<&flH«6 1 a~6 1 d £:feV>T^ffl$t"U 

TEO=S3tfi«6 1 a"e«6nS«f + S^**6 1 bT#Stt£ 

15 HfTE = TEl-klXTE2, 

IfTE' =TE0-k3XTE2, 
(kh k3tt«iE«IS:) 

25 0 oifWtapiiiKi 1 t^^u 1 5t^iTOi>. 01 o\z^-ryt^^\ 
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01 iic^-r<fc5t-, yt?4 7.2 6ommh^^^(D^iimn±w- 
frtzm 1 (DftmmL 4 mms 2 atmms 2 b^^mm5 2 c 

5 ^5 2d©^#^) *©f|l©#*flii§L4 2:2&R±m£b;&^**«& 
U>X5 (D^tm^M.^2 (DfrmBL 5 ($B«5 2 c • 5 2di:i 
H52e ■ £g*§K5 2 f i©^!?-^) f©I 2 CDfrmML 5 £^MJt 
^ff^H3<D^#Ji^L 6 <«#5 2 &£mm5 2 c&&X$mm5 2b £ 
i^5 2d<Di#i) t, m2(DfrmmL 5 fc*fbf|3 O^fiJ^L 6 <D 

^fiJ^L7 (««52et*«52fltM) fc £ 0 6 O ©fH«fc» 
^(Dtf, *Di^7A5 2 5 2 a~5 2 f fc^SIStl* 

15 HI 2^I^JIi©^»2K:^^5^tfttB«6 2©A^->*^r. ^ 
ffig§6 2 6 2 a~6 2 1 ^@2S£nT^£o 

^iT*D^7A5 2©M5 2a (fg 3 ©#80»©*HB!l©flS#) & 
aofc±l**tt3ft*lfl»6 2©^>fe^^6 2 i fCAMU *D^A 
5 20HS5 2b (JM<0#«*ft©*MII©«i«) &ito&± l&ftttft 

20 $tfflS&6 2©^t"6^^6 2 j fcAltb^D^A 5 2<£>M^5 2 c (f£ 
2*5J:tK^3 (D^-SiJ^L 5*<fcC^L 6(DF^0 2^0f^©-^) £5io 
fc±1^3tt»3ttftHJ»6 2CDS^fi««6 2 kfclfcNfcb, *n^*5A5 2 

mom*) ^m^ft±i^mtytmmm6 2o^ytmm6 2 

25 §o 

sf:D^7A5 2CD^5 2 e (® 2*^^14 0^1 5&«£tfL 



27 



WO 21)04/038708 ^^T/JP2003/0 12864 



et62f ICAItb, t^D^^A 5 2 £>M^ 5 2 f (lfS4<D#iiJ$lL 5 

gt6 2 h^Atd-T^o 
5 ^^^Sii-T^ 0^«^ffi§§6 204^#]Ii6 2 a- 

6 2 d ^m^$tl^>» 

ft&TisD^A 5 2 <£>^<5 2 e v 5 2 f tC&tt£± 1 Jfcflfctt, 
4 6^f!|l/>X5^Ml:^5^fl:, S^^6 2et62 
f , 62gt62 h^®mi*®1*#*n-£n«SU<fc:S 
10 Ol!), ^Ii62e^?,#&ni>ttli^i:g^6 2f* 

6 2 hi^#&n5iWiOl^tl^U<&5cl:5H*nif 

&M&-m\ZJfcCTtiim&6 2©^M6 2 e, 62f, 6 2g^ 
15 l/6 2h^&0fflWftn, &$3» EH2^Iftl^tTVi 
S^ISiUT^O, ± 1 ^J^tEIS^ 6 2et62 g^cD^Attb 

7 -t — AXX7'~'if F E 

FE=Mt6 2 e^5n5«t + ^«*6 2 g-<?#£>nS# 
20 ^-(^T^m^e 2 f T?#6nS«-% + S3te««6 2hT!#StlSff)> 

te i =gft«s«6 2 kt#^ti5i§+^«6 2 i T#e>n& 
25 Tf&sns. 
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te 2 =^^^^6 2 i t?»e>n2>m^-s%««6 2 j T#e»ns 

TE=TE l-klXTE2, 

j^D^7A5 2 ftomm 5 2 e t<S«5 2 f £> (DmMifiK 

|oT«5 2 e SlS»6#6n57#-*Xl7-ItSAE 
15 1 fc, ffi«5 2 f S15W5H5n57*-*Xl7-fi§SAE 

S AE 1 = *3fc«*6 2 eT»&ft*«#-SfttC*6 2 f 

20 S AE 2 =gft««6 2 g T?# 6 2 hT#e>n 

SAE=SAE2-k2XSAEl, 

k 2te*£lEl&ifcT&<5. *|jE«»k2«, nmoMM 1 T?3* 

25 §#SAE 1 t7t-*^l7-lttSAE 2 Xk 2 fc<EHi£#EV>K: 
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= SAE2/SAElSiJ£$t§) ZL t^Itl^. 

10 cDfg£»£2n&;i£Tfi*&o 

TE 1 = £3fc««6 2 kt'f &n5if-f)felll6 2 1 T?#6n5 

15 i^t5l^6 2a~6 2dTtaj$n, 

TE 0 =gft{g#6 2 at#SnSfff + ^M6 2 bTHSflS 

i/>x©^iifc#3*7t^ h^tsfe*, ssu/h ©tenner J e 

TE = TE 1 - k 1 XTE 2, 
25 TE' =TE0-k3XTE2, 
({II, k 1, k 3te#&jE^ifc) 
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5 (^Jg©^^3) 

10 H13Cj5?t3ttAyH 3 0 0lCfe^ 5 3IJMH^I^t 

Ell 4 t^mSCD^^^^tt^^n^^A 5 3 <DA& — ><D— M&m 
15 "To 014fc^tJ:5i:, ft 5V X? 6 ©IS m y t7<Djj&]£mW± 
¥ftUm 1 (DftmWL 8 1 (^*£5 3 a fc<g«5 3 b:fe,ktffK#5 3 c 
t«5.3d0tM) ^-(D^l©^S(IIS^^S±lt^b^oMfS 

£tKL 9 (fR« 5 3a tfKM 5 3 c 43 53b tm®, 53d <E>^ 

20 #») ^IBm2^ t fc^m3©^t(J^L 8cfe£tfL 9©ffll:&tb. 

(««5 3 c • M^5 3 d fclR«5 3 e 7 0©il 

*D^9A 5 3 ttfcj»:©««5 3 a~5 3 e KlSHWSns 

25 -So 

01 5 K:#^ja^J&tBfc*5ttSftfcffl»6 3 ©/^->§:^to ft4fe 
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mm 6 s fcfcM»#©««6 3 a~6 3 j *w.rt&* 

b£T*n^A5 3©fg«5 3 a m 2 &&tff& 3 ©#fJ^L 8 * 
£tf L 9 ©*«©«*> «^fc±l*3fett#*tH»6 3 6 
3 gi:AltU #omBSO««5 3b (*2*«k^»3©»W» 

fl«6 3hCX»U *P^A5 3©««5 3 c (f& 2 *5«klXfg 3 © 

^fll^L 8 43cktfL 9 ©F*1© 2 ^©M^©-^£) S51^fe± 1 

^fctif§6 3©S3t««6 3 i fcAitL^*n^A 5 3 ©«# 5 3d(I 

2:fe<fct*m3©#*J8lL 8&«fctfL 9 ©M© 2 ^©«fc©te#) 

10 fc±l*3fcra3fe#ffi*6 3©33fe**6 3 j KTJfTS. 

^5|C^3S5a*rS0^«^UJ»6 3©4^«4««6 3 a- 

63et63f tlC^^nSo 
15 Wt : e7^^l/>X7 3lt %^4XV d&ttmV>XS<D& 
%lM.\Z$>Z£%\Z, Sftfftt6 3 a~6 3 dlC*rUTMItlS«* l »b< 

^««k^K:w>x©jajf*^»je«n, teBfrnsn^o s% 

««6 3 a~6 3 d*>e»#&n*«f3C«#©fi^tl-€ r n«£b<»*«fc 
20 *ffi»6 3©«3H6«*6 3ai63ct63bt63 dt*^©ffl**» 

agfis-r*. w >x 5 o^ijsif nfc«CT**ffl« e 3© 

^i^6 3et6 3 f^50[il*%^ftt?>. 

FE=S^*«6 3 aT#&tlSif + ^M6 3 cTi^nSi 
25 #-(S3fc««6 3 b*P#6n*fll% + ^fH«6 3 dTiSnsfif), 
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TE 1 =ft%**6 3 aT#f.n5i^ + ^f^6 3 bT?#&n5 

5 T#e>ti&o 

TE 2=£3fc«B#6 3 gT#^tl§i^-^M6 3h"C#f.n§ 
10 fiM§\ 

T E = T E 1 - k 1 XTE 2 

^CT> k 1 te*iIE«T<g><5o »IE«*klJ3:, ffij£teffll*3fc43*t 
15 5*[#Jl/>X5 0^lHi;oTh77^>^X7-fl^TE(:t7t7 

*D^9A5 3|*3<Z)««5 3 efciU £#5ltK:*t bTftttlfr 6 

20 *-#x*£^&£<> y ^xmms 3 e §sofc^^e > #e»n^7* 

-*XI7-I§SAE 1 i»6#5n57*^XX7-i 
§SAE 2 t*Hs«f S^fcK:«fcO, S££bfci£rgJR^<E>;*:€£ 

SAE l=*3fcft*6 3 eT?#5nSM-£ft«B«6 3 ft#6tl 
25 ^>{f-%> 

SAE 2 (=FE) =f 3 atfl^nsf f + 6 3 
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SAE=SAE2-k2XSAEl, 
Z\Z\U, k2UffilE&WtT»$>Z>o miEmmik2\t, 
5 ^Tz£5iZ. f®JRi^4l/TV^t^I07^-*Xl7- fI#S 
AE 1 i7^-A^X7-MSAE2 Xk 2 <b©Mi*>m^b<&3 

= SAE2/SAEli£i£$^) £ £: £ b V> 0 

\z&.z>*fyi/=L ~?)vm^ t v>fom & it tarr § £ t \z & d ^ h 

TE 1 =^ftiCJi&6 3 gTf&H5i^-^M6 3 ht#Sn5 

20 

^tir^m^Q 3 a~6 3 dK*5^T&fcfci£*^ 

teo=§»6 3 a-c%Bn^m^+^ytmmQ 3 bT#e>n& 

25 

-c^^n^o ^^wi^TE 1 t^^^o.y;vfB-^TE 0 torn 
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5 fc, 

TE = TE 1 - k 1 XTE 2, 
TE' =TE0-k3XTE2, 
({lb, k 1 , k 3 te*£lE^) 

£ £TE 1 6 &mM<DJ&M\Z&tfZ>%l(D*Zitf7& 5 3 A<Dn& 
016 fcj*Ufc*n^7A 5 3 Attflg«5 3 a a^^Il 
15 5 3 eeJtO7^0il{l:^H$n5. H4»#8n?5*b;fcxS!©«« 

016 fcl^bfcsftn^A 5 3AO/^">lt El 1 4 \ZmLTc^U 

1fl©tg(:<t^T(t 0 16 fcjfcbfctfiO^A 5 3 A0/^->$ 

J6fll*lftfll»c:^Ka:«*5 3 e e £*£®JR^Ifcfcfcl t'©^ U y 

25 h^&&<, 

(^IOfl4) 
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tt^V 1 5 t§I^TV^. 

017 icj^-r^^y no 0 k*v*t\ 3 0 i$ftmtettjfc-?z>¥m> 
5 if 1 ii&ytm?\ztti&?z>yt8tmm 6 4 t^-mzm^vtc^ 

g&ft— -ffcsn^ 3 0 ^©^^^ix-if 1 ^ e. mKzntt&n&yto v 

— tf^«> i^D^7A5 4TIH^nf tilt, 1/4&S1S3 

15 £titf8®tci0 l ££n§o 

U ^1^>X5, M*f2 0v aU;**-hl'>X4&jSSflU 1/ 

25 Z\Z\T, i^P^7A5 4fi aB©tt»«3t»®»f ***r, 
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0 18 \ttmiM<Dl&WlK$i\1rZ>ffiyt'fc£itf7 2» 5 4©A°*->©— #J 

5 fr&fg 1 (DfrmmL 1 1 (M^5 4 a £««5 4 b> mm 5 4 c itt 
5 4 d:fe«fctf«#5 4 e t««5 4 f ©ttjf*) t, ^-©J§ 1 ©^#J^ 
t^R±i«l/*^«V'>'X5©3l6(llllC#l/T*«±^»a:»2*J: 
t*fg 3 ©##J^L 1 2 *> £tf L 1 3 (fitt 5 4a t«« 5 4 e 
*54bfcfi«54f©«^«) t» *©*2:fcJ;tf*3©$HWIfc£* 

10 I±t^O^^>X5©3ti^bTiI±f»l4^^5 
O^fiJ^L 1 4&«fctfL 1 5 4 c 5 4 e «k tflHtt 5 4 

d t«5 4 f ©ttJMft) 0 1 Offl©««6fc$HS9Sft£. 

Ell 9te*3*EJH©»«K:*W-**»3t— **^3 0rt©S^6««©/^ 
^->Sr^f 0 S&ft-fMS^S 0fcl4*»C©S3te«*6 4 e~6 4n 

15 a»#-#*?©**tt**#i'--- it?**. 

£ill?*n^A 5 4©3B3&5 4 a (fg 2 *5cfc£M§ 3 ©##JIIL 1 2 
&£tfL 1 3 ©*«©**) *I^&±l^BMffiS6 4©£ftfig 
^6 4ei^M^6 4ffcAltb, *P^7A5 4®f^5 4b 
2:fc<k££fg 3 ©^fiJ^L'l 2&«fc^L 1 3 ©*MSI©««) ^iofc± 1 

20 3fc3ttt^ffl«6 4©g^««6 4 g tS^<S«6 4hfcXltU. *n 
2^ A 5 4©fi«5 4 c (l4^<fc^l5©^lliL 1 4*5«ktfL 1 5 
©M©2 0©««©— €r®ofe± l#0£fc33fr&HJS§6 4©S%«« 
6 4 i t&ytmm6 4 j KlAttl/. *D^7A64©««54d (S£ 4 
*«fc^lS5©^*!H8L 1 4*5<fctfL 1 5©M©2^©ffi«©-:£) £® 

25 ofc± 1^«^WIS6 4(Dgiytm®6 4ki§M®6 4 1 KlAtt 
*T5o 
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tfcD^A5 4<Dmm5 4 e <,% 2 3 0Q^i9iHL 1 2^cku: 
L 1 3 ©FI*Ol4^J;^I 5 (D^fJ^L 1 4&£tfL 1 5 <Dftm<Dm 

jJnD^^A5 4<Dmm5 4 f (!2*J;^3 0^iiL 1 2*cktfL 
5 1 3©ffljft:3&4 43«fctf&5 0#8l«L 1 4&cfctfL 1 5O^i0li 

&:|3*P^A5 4<Dmms 4 a -5 4 d £25**3 + 1 3fe3feia#*ftffi 
§§6 4®^I,k!3 Wiu^HM*^ - 12fc3fett#tftm«6 

15 7*-*7l7-MFE(t 

FE=M«6 4 eT#&n§t^ + §3tM6 4 gT#S*l5fI 
* + £3E««6 4 i T?#&n*«*t + £3te««6 4kt#6n§if- 
(S)t««6 4 f T?#6nSf^ + SM^6 4hT?#6ft5ftf + S 
3fcflS«6 4 j Tf#6n««# + S3te««6 4 1 T?#&n*te#K 

20 

te i =£ftffi«6 4 i T!»e>ns«-%+s^<s«6 4 j -e#e>ns 

25 Ti&tlS. 
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^&-&*^V^jEM^-TE 2> 

te 2=s?te««6 4 e e> n 6 4 f -e#e>ft& 

5 

T E = T E 1 - k 1 XTE 2 % 

^cl?, k 1 *8iE#&&k l(t BrfettlBftfc*** 

10 5»P>X5©»J;^TF7>^>^X7-ifTEfct7t7 
h#f££UftV>£5ife5t£ft5o 

M^D^i* 5 4 P^CD^^c 5 4 a, 54bti«54c, 5 4 d <t 

15 TtlSe^M^^o ^T*O^7A5 40l«5 4ai5 4bfc^5 
»f.f^n§7*^^l7-ifSAE 1 4ct54 
d «lt§M^#^n§7*-A^X7-' IS-^-S AE 2 £&Jfc*fc*r 

20 S AE 1 =gft««6 4 e TtHn5i§ + Mi6 4 gTifin 
<£ft««6 4 f ft + 6 4h7?»6ft« 

S AE 2 = £3fcfiH#6 4 i T# £>ft*«-** + £}fc1H« 6 4 kT?#&ft 
3fs^t- (S3t««6 4 j T#&n5ff + fM«6 4 1 T?#5ft* 

25 ff^K 

SAE=SAE2-k2*SAEl> 
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AE 1 t7f ft^-S AE 2 X k 2 t ©fctit^Sfc^b < ft£ 

5 E2/SAEl^iS$t5) £<h#?H£LV>o 

15 ^fflfCiaViS^ oyy v-^y^M^^BtflBTE 1 T&D> 

TE 1 =^^6 4 i T#&frl3m^ + ^^6 4 j T#5tl§ 

(^«6 4 kT#e>ns{f^+s^M«6 4 i T#e»n§« 

tf$n5. ^|ft^5>itV^a-5(7)y^>'a.7 P ;l/{f^TE 0 te, 

20 TE 0 = gft$gl^6 4mT#^n§^-M^6 4 nT#£*l£ 

^^$n?>o ^^Hf -5fTE 1 ^y^s/^yjut-^TE 0 

6 ^0MoffiMfi«i^:ffi^&»iE > rsc:tj^T?€r*. 
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mi) tmmvm^t&imjj^&z-t)^ ^©io^^ifti 

10 B 1 7 IC^^SKIBSM-**^ 3 0 tfi3l6*Dif7A 5 
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So 

10 Vipgnfei^ens. 

IB £ & f in t? # § £ v * 5 a n Sft * # 5 n & . 
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< tits nmwmtkmmmt^fr b&mmmt 
25 ^# s n § i snfcM^f ens. 
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i. \s—tfft&m#?zytm£s 
5 mu>xt, 

15 -ffimytfrm^mt. mzmm$zmmmzMj&-znrczmnh : 7y?<D& 
^jjmtmnmizsfftizmwtEnr^ i <D#mm£, mum i (D^mm 
tmn±m^^m^mytyt^(DytmizMvxmnmizMmzK^ 

fc¥fr K@3« S tlfcfl 2 43 £ 31 3 <£> £ l£ <fc o T^fiJ £ nfc 6 o 

tarn 2 *> ck t>*m 3 ©^-fij^© m tsas $ nfc 2 ows itm 
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10 

MfB^;U h^ffi^fli, MIES! 2 &&Ztm 3 <0#S!li»0>WK:BBR3ft. 

25 3. u-*fyt&mH'rzy6Mt* 



46 



WO 2004/038708 ^^T/JP20Q3/O I 2864 



5 Tt, 
10 tflbT&Ds 

^■fifat.'^nmz^ft \zmwL-zntcm 1 (DKmwkt., 1 co^tm 
tmnm\zm?£Vfr^Mmftmu>x<Dytm*m2>m2(Dfrmmt, m 
mm2<Dftmm£mn&}iz5tft\zmmznr£m3 (Dfrmmt, mm$&2 
15 (Dfrmm\ztti>Mtz&3 <Dftmm<DRMmiztiLWVfr^Mmmytyt^%: 
<Dftm**'b£Vfc¥w&w<Dm4<Dfrmm£\z£^xftmtsnfc8'o 
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±\zm intern 1 o^mm,t^ 2 <D&ytm®,t<Dft%m±\zMKis 
x. ttriasg 1 <D^mmtmm^2 (D^mmt^z^x^n^timm 

it, Mfafg 3 ©gTE^^tfrfBfg 4 0^^£K&v>T^n^n*i 

10 

15 BIIMIIh^y f ©*#Mfc»ofc«© 1/2 J;D %>*<3feoT*D» 

mm^)Vbm.m^m^ m$d,m2^^nms(D^mm<om\zm^n 
^m^^^fflf sfcje>©^;vhm^«-^^^^^>> w^©ieffl4fB«c 

25 5. 1/— !f3t«JW»'r-53te*t, 
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5 ^<h, 
10 DIUT&D. 

mtaytfrm^mz> m&mmmmmfctzfc&zntz.mm h ? v z 

25 MIB3*®iRll^tH#©«, f&iBff§4<£#fdig§l©ft#J£®®UT£j&£ 

nrc^mz^^m^^^-xm^ytm^^zmyt^nrcyt^yho) 
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ftmT±.\zMyfznrzytxi£y h<D^©^fc£&ajbT#<bft&fft2 

6. mm^u>Xiimmmmmmmi^t(Dm(DmMmfsim^^tii 
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